Heparin-functionalized chitosan scaffolds for bone tissue engineering.
The aim of this study is to investigate the effects of heparin-functionalized chitosan scaffolds on the activity of preosteoblasts. The chitosan scaffolds having the pore size of ∼100 μm were prepared by a freeze-drying method. Two different methods for immobilization of heparin to chitosan scaffolds were successfully performed. In the first method, functionalization of the scaffolds was achieved by means of electrostatic interactions between negatively charged heparin and positively charged chitosan. The covalent immobilization of heparin to chitosan scaffolds by 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide (EDAC) and N-hydroxysuccinimide (NHS) was used as a second immobilization method. Morphology, proliferation, and differentiation of MC3T3-E1 preosteoblasts on heparin-functionalized chitosan scaffolds were investigated in vitro. The results indicate that covalently bound heparin containing chitosan scaffolds (CHC) stimulate osteoblast proliferation compared to other scaffolds, that is, unmodified chitosan scaffolds (CH), electrostatically bound heparin containing chitosan scaffolds (EHC), and CH+free heparin (CHF). SEM images also proved the stimulative effect of covalently bound heparin on the proliferation of preosteoblasts. Alkaline phosphatase (ALP) and osteocalcin (OCN) levels of cells proliferated on CHC and EHC were also higher than those for CH and CHF. In vitro studies have demonstrated that chitosan scaffolds increase viability and differentiation of MC3T3-E1 cells especially in the presence of immobilized heparin.